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Do it Yourself Box on Navigation and the Size of the Earth 

 

Motivation. You can do navigation like the explorers did.  The intent here is to show 

how things work without trying to be precise.  You are not worried about being lost in the 

middle of the ocean.  We will then address the size of the Earth.  This can be done using 

the methods in navigation and a distance measured on the surface.  We will use a bridge 

and a method for stay at homes. 

 

Project 1: Navigation. We have good clocks now so navigation is easy.  Find a friend 

who lives some distance away.  Agree on which bright star to observe.  Looking in Sky 

and Telescope for a star chart will help. Make sure you have your watches synchronized. 

Figure out which way is north.  (A compass gives magnetic north, which won’t help 

unless you know the local difference of magnetic and true north, which is on the Palo 

Alto map for here, about 15° E of true north.  Roads often run true north-south, which 

can be seen on a local map.)  If you want to do this yourself (optional), the Sun reaches 

its highest point in the sky (at northern temperate latitudes) when it is due south at 

astronomical noon.  A simple way to observe this is to drive a vertical stake into flat 

ground.  Make a compass with chalk or a pointed stick to draw circles around the stake.  

The shadow is shortest at noon.  Marking the end of the shadow every few minutes will 

help you see when it is shortest. Use shadows so you do not have to look directly at the 

Sun.  Sailors went blind. Measure the stick and the length of the shadow and plot them to 

scale on graph paper.  You then can use a protractor to get the angle. 
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With a star, you can measure angles with a plume bob or carpenter’s level to get 

vertical and horizontal and rulers to get the vertical and horizontal sides of the right 

triangle with the hypotenuse pointed at the star.  You then can make a scale drawing and 

use a protractor to measure angles.  If you have a transit, you will be able to do as well as 

the 1700s sailors. 
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Record the time and the angle above horizontal (90°-A) when your star is due 

north or due south (at the meridian).  If it is in the south, the angle is recorded as if it was 

measured from the north.  For example, a star 30° above the southern horizon is 150° 

above the northern horizon.   

_______________________ 

Compare the results with your friend’s.  The latitude difference is the difference 

between your two angles.  The larger angle is further north. 

The time difference between the observations gives the longitude difference with 

the later time to the west. 

 

(Time west - time east) in minutes × 0.25068 = longitude difference 

 

(__________ -  _____________) × 0.256068 =  _______________ 

 

A star reappears at the meridian every 23 hours, 56 minutes, and 04.09074 s.  (The Sun 

returns to the meridian in ~24 hours because its position in the sky moves west during 

that time.)   If you have recorded the time difference in minutes the longitude in degrees 

difference is the time difference times 0.25068.   (It is 0.25 if you use the Sun.) Now is a 

good time to use your GPS receivers or a map to see how well you did. 

During the age of exploration, the sailors could measure latitude, which does not 

require timing.  One can measure the angle of a bright star above the northern horizon 

(point X) and use a table that gives its angle from the celestial pole (point P).  One can 
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get latitude directly from the average of the two angles (Y1 and Y2) that a star that never 

sets crosses the meridian.  You can do both of these yourself in your backyard. 

Timing was a serious problem that made it hard to measure longitude. Early maps 

are distorted because the longitudes are in error.  One of Halley’s day jobs was to get 

navigation right.   For a fixed location, one could use the start of an eclipse of the Moon, 

which by 1700 could be precisely predicted.  One could also use tables for the moons of 

Jupiter or more complex methods based on the phase of the Earth’s Moon. None of these 

were particularly practical for sailors at sea.  Accurate clocks were the solution.  The 

sailors had tables of when stars crossed the meridian at Greenwich  (near London) so no 

radio was necessary.  By convection, we reference longitudes to the scientific observatory 

at Greenwich, rather than to a political structure. 

 

Getting the radius of the Earth.  The ancients determined the radius of the Earth with a 

procedure analogous to that for determining latitude.  They measured the angle of the Sun 

from the vertical at two locations along a north-south line.  They recorded the distance 

between the stations and the difference between the angles.  It then became a matter of 

using a similar triangle to get the radius and the circumference of the Earth.  They did not 

do this very carefully but they still got about the right answer. 

To try this yourself, you need to measure the distance between two places allow a 

north-south line.  Your car will do if you live where the roads run north-south.  Then 

measure the angle of the Sun at noon or a star crossing the meridian at each end of your 

line as explained at the top of this box. Again wait to you are done to get your GPS out. 
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Project 2: Local measurement of the radius of the Earth over water.  Select a bridge 

pier or other tall structure in the water for which you know the height (See Figure).  The 

ancients could have used a seacliff or the mast of a boat.  A bridge is nice if you do not 

have a friend who owns a yacht.  The clearance from the water to roadbed or the height 

of towers above the water of major bridges is available on the web. 

http://www.dot.ca.gov/hq/traffops/hwybrdg/tollbridge/History/Dumbarton.html. The 

Dumbarton Bridge is 85 feet or 25.9 meters, water to base of roadbed.   The San Mateo 

Bridge is 135 feet or 39.3 m http://www.dot.ca.gov/hq/esc/tollbridge/SM-
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Hay/SMfacts.html.  We will work in meters.  The Dumbarton Bridge is hard to view. A 

railroad bridge obscures view from the south.  There are no good viewing places from the 

northwest side.  The San Mateo Bridge is easier to view. 

To measure, the distance to the bridge take a 1-m ruler and measure the length X of 

the bridge projected at the end of your ruler.  Your small triangle with the ruler is 

essentially similar to the triangle formed by the bridge height B and the bridge distance b.   

That is b in meters is 

 

B    ÷   X       =   b 

____÷______=     __________ 

This is also essentially the distance D from a point at sealevel to the base of the bridge. 

Now measure the height H above sealevel where you can just see the waterline of the 

bridge (point W).  The small angle a of this triangle is the angle a of the triangle to the 

center of the Earth between your observation point and the base of the bridge.  The two 

similar triangles give you that D/R=H/D or 

 

D × D ÷ H = R 

 ______×________÷_________  =________  

You now have your estimate of the Earth’s radius.  The modern answer is around 

6,371,000 meters or 6371 km.  

 

 


